Ten previously reported lactose-positive (Lac') transconjugants from Streptococcus lactis, S. cremoris, and S. lactis subsp. diacetylactis and one sucrose-positive (Suc+) transconjugant from S. lactis were examined for their sensitivity to prolate-and small isometric-headed bacteriophages. Four of the Lac+ transconjugants showed a 10-to 100-fold reduction in the efficiency of plating (EOP) as well as a reduced plaque size for the prolate phage c2 and were insensitive to the small isometric phage 712. A fifth Lac' transconjugant demonstrated a similar reduced sensitivity to phage c2; however, this transconjugant was able to plaque phage 712, but with a reduced plaque size and EOP. The other five Lac' transconjugants were sensitive to both c2 and 712 phages. The Suc+ transconjugant plaqued phage 712 with a reduced plaque size and EOP, but no reduction in plaque size or EOP was observed for phage c2. The Lac' and reduced bacteriophage sensitivity (Rbs+) phenotypes were correlated with specific plasmids in the Lac' transconjugants. As four of the Lac' transconjugants exhibited a phenotypically indistinguishable Rbs+, one (ABO01) was selected for further study. The Rbs+ in ABOOl for both small isometric-and prolate-headed phages was not related to adsorption, and the reduced EOP for phage c2 was not related to the presence of a restriction and modification system. The latent period for phage c2 was unchanged, but the burst size was reduced 80%. The presence of the plasmid coding for Rbs+ retarded the lysis of a mitomycin C-induced prophage-containing strain. The Rbs+ mechanism appears to be abortive phage infection. This study supports previous observations that Rbs+ and conjugal transfer ability are physically linked among some group N streptococci. The results presented have implications in the identification of plasmids coding for Rbs+ and may also aid in explaining the dissemination of Rbs+ genes among lactic streptococci.
Recent reports have linked reduced bacteriophage sensitivity (Rbs+) to conjugally transferred plasmids in several group N streptococci (3, 4, 14, 17, 30, 31) . Chopin et al. (4) identified a restriction and modification (R+/M+) system encoded on a 28-megadalton (MDa) plasmid in Streptococcus lactis IL594. McKay and Baldwin (17) identified a conjugally transferred 40-MDa plasmid in S. diacetylactis DRC3 that coded for a temperature-dependent mechanism effective against prolate-headed phage at 21 and 32°C but not at 37°C. Klaenhammer and Sanozky (14) identified a selftransmissible 30-MDa plasmid coding for a temperaturesensitive Rbs+ mechanism that caused a reduced burst size with prolate-headed phage at 32°C. Further reports (10, 25, 28) demonstrated that this 30-MDa plasmid inhibited the proliferation of small isometric-headed phage on S. cremoris at both 32 and 37°C. A 50-MDa plasmid from S. cremoris UC653 coded for an Rbs+ mechanism that was effective against prolate-and small isometric-headed phages (3) . Vedamuthu and Neville (30, 31) We previously reported the conjugal transfer of plasmid DNA for lactose-fermenting (12, 18, 26, 32) and sucrose- fermenting (27) (Lac' and Suc+, respectively) ability among group N streptococci. Whether these conjugally transferred plasmids also carried genes for Rbs+ was not determined. These previously reported transconjugants were examined in this study for their ability to plaque both prolate-and small isometric-headed phages. If these transconjugants also gained Rbs+ mechanisms, the genetic material coding for Rbs+ would be available for strain construction strategies.
MATERIALS AND METHODS
Bacterial strains. The strains examined were maintained by biweekly transfer at 32°C in M17 broth containing 0.5% glucose or 0.5% lactose (29) . Table 1 S. lactis MG1614 and S. lactis ABOO2 were determined as previously reported transconjugants in which S. cremoris, S. described by Keogh (13) , except that M17-glucose broth was lactis, or S. diacetylactis strains served as donors in conjugal substituted for 11% skim milk. matings were examined ( Table 2 ). The transconjugants deDetermination of R+/M+ activity. S. lactis ABOO2 was rived from S. cremoris included ABOOl (3), CC101, EB101, examined for the presence of an R+/M+ system as described RM108, and ZM803 (26) . Transconjugants JS21 (27) , PW1 by Pearce (22) . Phage c2 was modified by growth on R+/M+ (32) , and KC1 (18) were from S. lactis donors, and transcon-S. cremoris KH (22, 23) . The modified phage, c2-KH, was jugants WW4 (24) , JS30 (unpublished data), and GK4101 (12) purified by two subsequent single-plaque isolations on KH to were from S. diacetylactis donors. All transconjugants, To determine whether the 10-to 100-fold decrease in the EOP of the prolate phages on ABOO2 at 30°C was due to an R+/M+ system, we used phage c2. KH (22) . S. cremoris KH (R+/M+) served as the positive control. The effects of the 50-MDa plasmid in AB002, designated pCI750, were ascertained by comparing the plating efficiencies of AB002 and its isogenic plasmid-free strain, MG1614. Phage c2-KH formed plaques at a high EOP on both KH and MG1614 but not on AB002 ( As demonstrated for phage c2 on AB002, phage c2-KH also produced two plaque types on AB002. Ninety percent Induction of prophages from transconjugants exhibiting Rbs+. The prophage induction of S. lactis LM2201 by mitomycin C is illustrated in Fig. 1 . The 50-MDa plasmid, pCI750, from S. cremoris UC653 was introduced into LM2201 by conjugation, and the resulting Lac' Rbs+ transconjugant was designated S. lactis Prol6. Attempts to induce prophage from Prol6 resulted in incomplete lysis of the culture (Fig. 1) . Cell counts on the induced lysates at 300 min indicated that both the Prol6 and LM2201 lysates contained a low number of viable cells, 1.9 x 104 and 1.8 x 104 CFU/ ml, respectively. However, when the noninduced control for Pro16 was diluted to the same optical density at 650 nm as the induced lysate, the cell count was 2.5 x 107 CFU/ml. Pinpoint plaques were observed in the induced lysates for both Prol6 and LM2201; however, it was not possible to determine titers, since the plaques formed by the temperate phage were nonquantifiable (2) . Attempts to induce prophage from a Suc+ prophage-containing transconjugant, designated JS13, yielded a curve similar to that of Prol6 (Fig. 1) . DISCUSSION Several laboratories have linked Rbs+ to conjugally transferred plasmids in group N streptococci (3, 4, 14, 17, 30, 31) .
In this study, 11 previously reported Lac' or Suc+ transconjugants were examined for Rbs+ to prolate-and small isometric-headed phages. Of 10 Lac' transconjugants examined, 4 (JS30, ABOO1, WW4, and CC101) demonstrated a similar Rbs+ phenotype; small isometric phages did not form any detectable plaques, whereas prolate phages had a reduced plaque size and a reduced EOP at 21, 30, and 37°C. One Lac+ transconjugant (EB101) and the Suc+ transconjugant (JS21) expressed a different level of Rbs+ when compared with the four similar Lac' transconjugants in that both allowed small isometric phages to plaque at a reduced plaque size and a low EOP. The Rbs+ phenotype of JS21 was ineffective against prolate phages.
Plasmid curing experiments with JS30, ABOOI, WW4, CC101, and EB101 indicated that the Rbs+ phenotype could be linked to the 88-MDa plasmid in WW4 and JS30, the 50-MDa plasmid (pCI750) in ABOO1, the 34-MDa plasmid in CC101, and the 56-MDa plasmid in EB101. Curing of the Suc+ phenotype from JS21 resulted in a concomitant loss of the Rbs+ phenotype. This involvement of plasmid DNA with Rbs+ should facilitate the genetic analysis of this trait.
Some of the preliminary work on AB002, the Lac-derivative of ABOO1, was reported by Daly and Fitzgerald (6) . As indicated for ABOOl (3), the presence of the Rbs+ phenotype in ABOO2 did not affect phage adsorption. This phenotype was unaffected by the phage assay incubation temperature for the two small isometric-headed phages skl and 712 and for the prolate-headed phage stl5. However, the phage assay temperature did affect the EOP of the prolate-headed phages c2 and ebl (Table 3 ). The three prolate phages (c2, stlS, and ebl) exhibited a high plaquing ability on MG1614, yet at 21°C each was affected differently by the presence of pCI750. This result suggests diversity among morphologically similar phages.
ABOO2 did not exhibit an R+/M+ phenotype. Phage c2 propagated from either a pinpoint or intermediate-sized plaque formed plaques at a high efficiency on ABOO2 after propagation on AB002. Additionally, when the phage was grown on ABOO2, the plaque morphology changed. These changes were maintained even after subsequent propagation of the phage on KH, suggesting that a permanent change had occurred in the phage (15 (5) . Our observations are preliminary, and further work is needed to clarify this phenomenon.
The latent period of phage c2 was not significantly altered in the presence of pCI750; however, the burst size was reduced by 80%, an effect which was similar to the effect of pTR2030 on phage c2 at 32°C (14) . The number of infective centers on ABOO2 was only about 38% of that on the plasmid-free control. The reduced plaque size would therefore appear to result from a decreased burst size and a reduced number of infective centers.
Normal prophage induction of LM2201 was inhibited by pCI750. 
